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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an SOT 
substrate wherein warp of the substrate can be 
relieved and manufacturing cost is low,. and a 
manufacturing method of the SOI substrate. 
SOLUTION: An SOI substrate has a sUicon 
substrate 101. an Si02 film 104 formed on the 
upper surface of the silicon substrate 101. and 
a single crystal silicon film 105 formed on the 
upper surface of the Si02 film 104. The silicon 
substrate 101 is provided with a layer 102 of 
no defect which is formed in contact with an 
interface with the Si02 insulating film 104 and 
whose density of oxygen deposit Si02 is zero, 
and an oxygen deposit layer 103 which is 
formed on a region except the layer 102 of no 
defect and has oxygen deposit density larger 
than the layer 102. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the SOI substrate which has the semi-conductor substrate for SOI substrates, 
the insulator layer formed in the top face of this semi-conductor substrate, and the semi- 
.^conductor film formed in the top face of this insulator layer The oxygen sludge consistency 
formed so that said semi-conductor substrate for SOI substrates might touch an interface 
with said insulator layer Zero or the 1st layer of a low consistency, The SOI substrate 
characterized by having the 2nd layer which has the oxygen sludge consistency higher 
than the 1st layer concerned formed in fields other than this 1st oxygen sludge layer. 
[Claim 2] The SOI substrate according to claim 1 characterized by for the thickness of said 
1st layer being 25 micrometers or less, and the oxygen sludge consistency of said 2nd 
layer being more than 1x105 cm-2. 

[Claim 3] While an oxygen sludge consistency forms zero or the 1st layer of a low 
consistency near the front face of this 1st semi-conductor substrate by heat-treating to the 
1st semi-conductor substrate The heat treatment process which forms the 2nd layer which 
has an oxygen sludge consistency higher than the 1st layer of the internal above of said 
1st semi-conductor substrate, The adhesion process which pastes up said 1st layer of said 
semi-conductor substrate, and the 2nd semi-conductor substrate through an insulator 
layer. The 1st processing process which processes said 2nd semi-conductor substrate to 
predetermined thickness, and forms the semi-conductor film, The manufacture approach of 
the SOI substrate characterized by having processed said 1st semi-conductor substrate 
after said, layer formation process, said adhesion process, or said semi-conductor film 
formation process, and having the 2nd processing process to which said 2nd layer is 
exposed. 

[Claim 4] The manufacture approach of the SOI substrate according to claim 3 
characterized by having set thickness of said 1st layer to 25 micrometers or less, and 
making the oxygen sludge consistency of said 2nd layer more than 1x105 cm-2 in said 
layer formation process. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
40001] 

[Field of the Invention] This invention relates to a SOI (Semiconductor On Insulator) 
4 substrate and its manufacture approach. 
• [0002] 

[Description of the Prior Art] the semi-conductor substrates 301 top, such as a substrate, i. 
e., Si etc., as conventionally shown in drawing 3 , ~ Si02 etc. -- the substrate of the 
structure in which the single crystal semiconductor film 303, such as an insulator layer 
302 and a single crystaLSi, was formed is known, and it is called the SOI substrate. 
[0003] Such a SOI substrate has the advantages - that the electric insulation between 
semiconductor devices is realizable at a simple process, and the component property of 
ULSI of metal-oxide-semiconductor structure can be raised by leaps and bounds. 
[0004] moreover as the manufacture approach of a SOI substrate ~ the pasting-up 
method and SIMOX ~ law etc. is known. 

[0005] The pasting-up method is an approach of manufacturing a SOI substrate, by polish- 
processing or etching processing the front face of one semi-conductor substrate, and 
forming the semi-conductor film, after pasting up two semi-conductor substrates through 
an insulator layer. 

[0006] On the other hand, into a semi-conductor substrate, the SIMOX method is 
embedded by heat-treating, after pouring in high-concentration oj^gen ion, and forms an 
oxide film, and structure as this showed to drawing 3 is acquired. 

[0007] 

[Problem (s) to be Solved by the Invention] However, since the coefficients of thermal 
expansion of the semi-conductor substrate 301, an insulator layer 302, and the single 
crystal semiconductor film 303 differed mutually, the conventional SOI substrate had the 
fault of being easy to generate the curvature of a substrate. 

[0008] When using a SOI substrate for formation of a high power integrated circuit device 
especially, since it is necessary to thicken an insulator layer and and the high voltage is 
impressed to a component in order to secure the electric insulation between components, 
it is necessary to also thicken thickness of a single crystal half conductor layer. For this 
reason, the magnitude of the curvature of a substrate will become very remarkable. 
[0009] Here, when the curvature of a SOI substrate becomes large, formation of a 
component may become difficult by being hard coming to double a focus at a 
photolithography process. In addition, this fault becomes so remarkable that the rate of 
accumulation of an integrated circuit becomes large. 

[0010] Moreover, when the curvature of a SOI substrate becomes very large, there is a 
case where maintenance and immobilization of the substrate by the vacuum chuck, an 
electrostatic chuck, etc. become impossible, and formation of a component becomes 
difficult also according to this fault. 

[001 1] On the other hand, it is also possible by forming an insulator layer and the semi- 
conductor film also in the rear face of a semi-conductor substrate to ease the curvature of 
a substrate. 

[00 1 2] However, by this approach, since it is necessary to add the process which forms an 
insulator layer and the semi-conductor film in the rear face of a semi-conductor substrate, 
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the new fault that a manufacturing cost increases arises. 

[0013] Moreover, since it is exposed by the inside of the process at which the insulator 

layer and semi-conductor film which were formed in the rear face of a semi-conductor 
^-substrate form a component in this SOI substrate, thickness will become thin at an 

oxidation-treatment process or an etching process. For this reason, since the effectiveness 
.vvof easing curvature by this thin film-ization decreases, it is difficult to acquire sufficient 

effectiveness. 

[00 14] This invention is made in view of the fault of such a conventional technique, and 
aims at being able to ease the curvature of a substrate and offering a SOI substrate with a 
cheap manufacturing cost, and its manufacture approach. 
[0015] 

[Means for Solving the Problem] 

(1) In the SOI substrate which has the insulator layer by which the SOI substrate 
concerning the 1st invention was formed in the top face of the semi-conductor substrate 
for SOI substrates, and this semi-conductor substrate, and the semi-conductor film formed 
in the top face of this insulator layer The oxygen sludge consistency formed so that said 
semi-conductor substrate for SOI substrates might touch an interface with said insulator 
layer Zero or the 1st layer of a low consistency. It is characterized by having the 2nd layer 
which has the oxygen sludge consistency higher than the 1st oxygen sludge layer 
concerned formed in fields other than this 1st oxygen sludge layer. 

(2) The manufacture approach of the SOI substrate concerning the 2nd invention While an 
oxygen sludge consistency forms zero or the 1st layer of a low consistency near the front 
face of this 1st semi-conductor substrate by heat-treating to the 1st semi-conductor 
substrate The heat treatment process which forms the 2nd layer which has an oxygen 
sludge consistency higher than the 1st layer of the internal above of said 1st semi- 
conductor substrate, The adhesion process which pastes up said 1 st layer of said semi- 
conductor substrate, and the 2nd semi-conductor substrate through an insulator layer. The 
1 St processing process which processes said 2nd semi-conductor substrate to 
predetermined thickness, and forms the semi-conductor film, It is characterized by having 
processed said 1st semi-conductor substrate after said layer formation process, said 
adhesion process, or said semi-conductor film formation process, and having the 2nd 
processing process to which said 2nd layer is exposed. 

[0016] 

[Embodiment of the Invention] Hereafter, this invention is explained more to a detail, 
explaining the operation gestalt of this invention. 

[00 1 7] Drawing 1 is the sectional view showing the structure of the SOI substrate 
concerning this operation gestalt. 

[0018] In this drawing a silicon substrate (it is equivalent to "the semi-conductor substrate 
for SOI substrates" of the 1st invention) 101 Oxygen sludge (BMD;Bulk Micro Defect) Si02 
to carry out The defect-free layer 102 whose consistency is the layer of zero (it is 
equivalent to the "1st layer" of the 1st invention). The consistency of an oxygen sludge 
(similarly Si02) is equipped with the oxygen sludge layer (it is equivalent to the "2nd layer" 
of the 1st invention) 103 which is a layer of 5x105 cm-2. Moreover, in the front face of the 
defect-free layer 102. it is Si02. The film (it is equivalent to the "insulator layer" of the 1st 
invention) 104 is formed. Furthermore, this Si02 The single crystal silicone film (it is 
equivalent to the "semi-conductor film" of the 1st invention) 105 is formed in the front 
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face of the film 104. 

[00 1 9] Drawing 2 is the process sectional view showing the manufacture approach of the 
SOI substrate shown in drawing 1 . 
** [0020] ** An oxygen density is the P type silicon substrate 201 (it is equivalent to "the 1st 
■ semi-conductor substrate" of the 2nd invention) of 15xl017cm-3 first H2 It heat-treated in 
""the ambient atmosphere. Whenever [ stoving temperature / at this time ] was made as 
1 200 degrees C, and heating time was made into 1 hour. Thereby, as shown in drawing 2 
(a), in the field by the side of front flesh-side both sides of the Si substrate 201, the 
dissolution oxygen in this substrate 20 1 was emitted outside, and the defect-free layer 202 
of zero was formed for the oxygen sludge consistency. On the other hand, in other fields, 
the oxygen sludge (Si02) was formed from the dissolution oxygen in a substrate 201, and 
the oxygen sludge layer 203 of 5x105 cm-2 was formed for this oxygen sludge 
consistency. 

[0021] Here, the thickness of the defect-free layer 202 was 10 micrometers, respectively. 
In addition, tha^ thickness is controllable by adjusting the temperature and time amount of 
heat-treatment. 

[0022] As a silicon substrate 201. it is CZ (Czochralskl). What was produced from the ingot 
raised by law was used. This is because the ingot raised by the CZ process contains oxygen 
from the first, so the special process for making a silicon substrate 201 contain ojQ^gen 
becomes unnecessary. 

[0023] In addition, as an oxygen density of this silicon substrate 201, the value measured 
by the specification of old ASTM was adopted. 

[0024] ** Next, use the oxidizing [ thermally ] method for the front face of a silicon 
substrate 204 (it is equivalent to "the 2nd semi-conductor substrate" of the 2nd invention), 
and form the thermal oxidation film 205 (Si02 film; it is equivalent to the "insulator layer" 
of the 2nd invention) with a thickness of 2 micrometers in it. 

[0025] ** And as shown in drawing 2 (b), this silicon substrate 204 was pasted up on the 
silicon substrate 201. It is N2 in order to make adhesion firm at this time. It heat-treated in 
the ambient atmosphere. Whenever [ stoving temperature / at this time ] was made into 
1 1 00 degrees C, and heating time was made into 30 minutes. 

[0026] ** Then, as shown in drawing 2 (c), about 50 micrometers of rear faces of a silicon 
substrate 201 were ground, and the oxygen sludge layer 203 was exposed at this rear face. 
[0027] ** Finally, as shown in drawing 2 (d), by grinding the front face of a silicon 
substrate 204, the semi-conductor film 206 with a thickness of 10 micrometers was 
formed, and the SOI substrate concerning this operation gestalt was completed. 
[0028] In addition, although the polish process (above-mentioned process **) for exposing 
the oxygen sludge layer 203 of a silicon substrate 20 1 is performed after the process 
(above-mentioned process **) on which a silicon substrate 201 and a silicon substrate 204 
are pasted up, process ** may be performed before process **, and may be performed after 
the polish process (above-mentioned process **) of a silicon substrate 204 here. 
[0029] When the curvature of the SOI substrate (it is described as "the operation gestalt 1 " 
below) produced by the production process as shown by drawing 2 was measured, it was 
about 40 micrometers. 

[0030] Moreover, when curvature was measured also about the SOI substrate (it is 
described as "the operation gestalt 2" below) which produced by performing the above- 
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mentioned process ** before the above-mentioned process **, it was about 40 micrometers 
like the above. 

[0031] When above-mentioned process ** and ** were not performed, but the SOI 
-substrate was produced as a conventional example on the other hand by the production 
-process which made other process **. **. and ** the same conditions and the curvature of a 
.-substrate was measured, it was about 130 micrometers. 
[0032] Then, the high power MOS IC was made as an experiment using each SOI substrate 
of the operation gestalt 1, the operation gestalt 2, and the conventional example. 
Consequently, about the conventional example, that it is hard to double a focus at a 
photolithography process, it did not become and maintenance and immobilization of the 
substrate by the vacuum chuck, an electrostatic chuck, etc. weire not completed. On the 
other hand, about the SOI substrate of the operation gestalt 1 and the operation gestalt 2, 
such a problem was not generated at all. 

[0033] Thus, according to this operation gestalt, a SOI substrate with little curvature can 
be manufactured only by adding the process (above-mentioned process **) which forms 
the defect-free layer 202 and the oxygen sludge layer 203, and the process (above- 
mentioned process **) at which the rear face of a silicon substrate 201 is ground and the 
oxygen sludge layer 203 is exposed. That is. according to this operation gestalt, a SOI 
substrate with little curvature can be cheaply manufactured by the simple production 
process. 

[0034] In addition, it is H2 as a controlled atmosphere at the process (above-mentioned 
process **) which forms the defect-free layer 202 and the oxygen sludge layer 203 with 
this operation gestalt. Although gas was used, non-oxidizing quality heat treatment which 
used gas, such as CO, Ar, helium, Ne, Kr, and Xe. is also employable. Moreover, it is IG 
(Intrinsic Gettering) as above-mentioned process **. You may carry out combining 
oxidizing quality heat treatment of the elevated temperature by law, a moderate 
temperature, or low temperature. 

[0035] Although especially heat treatment conditions, such as heating time, are not 
restricted whenever [ in the above-mentioned process ** / stoving temperature ]. in order 
to make the curvature of a substrate fully ease, it is desirable to set conditions that the 
thickness of the defect-free layer 202 is set to 25 micrometers or less, and the oxygen 
sludge consistency of the oxygen sludge layer 203 becomes more than 1x105 cm-2. 
[0036] Furthermore, although [ this operation gestalt ] the semi-conductor film 206 is 
produced by grinding the front face of a silicon substrate 204 (above-mentioned process 
**). it may replace with polish and wet etching, dry etching, etc. may be used. It is possible 
to adopt wet etching, dry etching, etc. also as a process (above-mentioned process **) at 
which similarly the rear face of a silicon substrate 201 is ground and the oxygen sludge 
layer 203 is exposed. 

[0037] Although [ this operation gestalt ] the thermal oxidation film 205 is formed in the 
front face of a silicon substrate 204 using the oxidizing [ thermally ] method (above- 
mentioned process **), this thermal oxidation film 205 is good also as forming in the 
direction of a silicon substrate 201. moreover, this thermal oxidation film 205 ~ replacing 
with - CVD (Chemical Vapor Deposition) law and PVD (Physical Vapor Deposition) ~ the 
oxide film formed by law may be used ~ further, it may replace with the thermal oxidation 
film 205. for example, other insulator layers, such as a silicon nitride and a polycrystal 
silicone film, may be used. 
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[0038] what is limited to this although what was produced as a P type silicon substrate 

20 1 from the ingot raised by the CZ process was used (above-mentioned process **) - it is 
not -- for example, MCZ - law and CCZ - law and DLCZ -- the ingot raised by law etc. may 

^'be used. However, in order to fully ease the curvature of a SOI substrate, it is desirable for 
" a dissolution oxygen density to use three or more [ 1 2x1 0 1 7cm - ] substrates. 
.-'Furthermore, it may replace with a P type substrate, an N type substrate may be used, and 
especially surface crystal orientation is not limited, either. 

[0039] Furthermore, the effectiveness same also as replacing with the defect-free layer 

202 and forming the oxygeri sludge layer of a low consistency can be acquired. 

[0040] 

[Effect of the Invention] As explained to the detail above, according to this invention, the 
curvature of a substrate can be eased and a SOI substrate with a cheap manufacturing cost 
and its manufacture approach can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

♦(Drawing 1] It is the sectional view showing the structure of the SOI substrate concerning 
" 1 operation gestalt of this invention. 

■■ ^Drawing 21 (a) It is the process sectional view showing the manufacture approach of a SOI 
substrate which showed - (d) in drawing 1 . 

[Drawing 31 It is the sectional view showing the structure of the conventional SOI 
substrate. 

[Description of Notations] 

1 0 1 .20 1 P type silicon substrate 

102.202 Defect-free layer 

103.203 Oxygen sludge layer 

104 Si02 Film ^ 

105 Single Crystal Silicone Film 

204 Silicon Substrate 

205 Thermal Oxidation Film 

206 Serhi-conductor Film 
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DRAWINGS 



[Drawing 1] 
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ccDttcoAa^^igati 1 2 0 OT, Imm^rSii 1 ^p^t 
L/co CtliciO. 02 (a) fc^L^c:J:9(c, S i» 

£2 0 1 (ommmmmn^mvii.. cos^z o i 

XPSS2 0 2A^}Bfi!tSnfco "tOi&ommT'H. 
Sffi2 0 1 *<D@}SK^A^e.igJR«fmi^8 (S 1 02 ) 

JBfigSnT> CC0K*fiTtiJt&S5it*^5X 1 QS cm-'<D 

[002 1] CCX\ MiKf&m2 0 2(OmHi. ttl^ 

ni o/titiT-feofc. coiisti. iosasaaoig » 



[0 0 2 2] $^|J 3ySS2 0 1 t LT(i. C Z (Czoch 
ralski) ^X^ni&Lrz-fyay h!!)^5.{^SLfct.<D%ffi 

^^#*rLTi/>i,rcto. e/i;:3>stS2 0 nc^^^r^ 

[0 0 2 3] ^fe, <:<D->U3>'g^2 0 1 cOS^iiJS 
fcLTti, IBA S TM(D«t&tCj:oTSij«Ufcfit*«gffl 

[0 0 2 4] (D^^JC. ->'j3>'Sffi2 0 4 (S2cD?gBg 

© r^2<oi|iji«c«igj tcffls-rs) ©affile. S^K<b 

iS^ffll/^T. 2 Mm©^Kft^2 0 5 (S i 0 

So 

[0 0 2 5] (D-eUT, 02 (b) K:^L«:,t:5fC. C 

©i/'j3>g:K2 0 4^->U3>'5S2 0 1 tcS»b 

^c. c©i:t, JtS^aa^tWii-rsfcftti:, N2 H 

[0 0 2 6] ®iH.^T. 02 (c) ^C:^^UfccJ;9{C. -> 
'J 3 2 0 1 ©m®^$tl 5 0 /i mWa LT.' C ©K 
BfcBl^tfftll1%^ 2 0 3 «rStaS-t*-fco 

[0 0 2 7]®g^K. 02 (d) >CjfvU/iJ;9fC. 

'ja>sffi2 0 4(Dmm^w\m-r^cticir}Tmt£ i 

0 pt m©iti?ltt:^ 2 0 6 «r?gfigLT. **fiS»^tc0^5 

s 0 I mm^^i&fE^tco 

[0 0 2 8] c c T'tt, 3 y»« 2 o i ©s 

8®) ->UziyStg2 0 1 i;->'J3yS|g2 04fc 

(±iBXg(D) ©t^TtT^ilfctb/c: 
*^ Xa®{i, Xg@©BUKt7-3TtJ;V>L, S^Cs -> 

'J 3 2 0 4 ©wsis (±!Bxe®) ©^fcjf 

[ 0 0 2 9 ] ^ 2 T'^x L/i .J; 3 ^SiiXgT'ftS Lfc S 
0 IS« (WT russjB^ij i:iBf) ©ROi&ffiiJSL 
fztCZ. 4 0 /imgS-PS^fco 

[0 0 3 0] Sfw. ±!BXg®^±iBXg@©Bu{c?7-3 
Tf'PSLfcSO I S« aXT r*Sgfl5^2J tlB^) tc 
■D\,^Tt&>)^m^LtitC^. ±iBt|p!«l. 4 0/xtn 

[003 1 ] -y;. '<}t^mt LT. ±IBXg®. ®^?T 
t>-f. ffi©Xg(D. (D. (D?:|Bl-^fti:L.fciajiXgT- 
SOI»«%ftiliU Sffi©gt)«:illiJ^tfci:c5. 1 

3 0 /i mgST'feo/Co 

[0 0 3 2] i^l/>T, HSgJgSlK llfiS}g®2, S£*0IJ 
©S S O I Sffi«rfflv^Taf^l^M 0 S Sia@K*Kft L 

-Xgm'S^^to-itlK^-Dfc*). S^^+'y^'^SI 
m^-<'-yi'^fcJ:^S«©«^ • @^*^T't^*>ofcO 

Lfco -ys. mmmm 1 i3j:tf^a9B!B 2 © s 0 1 s« 



5 



(4) 



1#M¥9-6 4 3 1 9 

6 



[0 0 3 33 c<D^r>ic. ^^mmmicjiinii. mxm 

ii2 0 2*5J:t;iEJR«rtH«l)l2 0 3«r}g(S-rsl8 (± 

IBIS®) t. ->'Jn>'gtS2 0 1 ©Kffi^WigLTK 
««fmtlii 2 0 3«ri5HJ Ig (±IBIig®) ^ii 

)io-rsfc'itT\ 50<D'>^i/^ s o I mw.^m^-r^ct. 

A^T'tSo 10 
[0034] !5:fc\ 2|i:||ai}g®T-«. li^cSI« 2 0 2 fc 

<fcomi?ftii!i%s 2 0 3 ?-fl5fig-r?.i?i (±iei?i®) 

??H«^"Xi:..LTH2 *"7.^<IfflLfcA\ CO, A 
r . H e / N e . K r , X e moHT^^m^'rc^mitiSL 

I G (Intrinsic Getter ing) ffitCtSiSSx 't'SS 

[0 0 3 5] ±ISia®t::fett5inS^iaS. iD«s^|BIII 

il*/}^2 5 /imJ.XTi:4t). fio. K^erffitJjg 2 0 3 

[0 0 3 6] ^Sfc. *llfigJg^T-«, v"j3yB«2 
0 4 OSffii^-WBi-r 5 C i: ic J; o T^jiSlfjcll 2 0 6 
mt^CttLfci)^ (±feie(D) , 9fS»Cf^^TSS 

(c. •>"j3>'»fi2 0 i (Dmm^mmLrmm^mm^m 

2 0 3iS-Rai?'i*-?.lS (±ISia®) i:LTfe. ffl^ 

[00 3 7] **fiS}g<!gTt±, mmim^m^T'>>) d 

2 0 4 <D«ffltC^Kft« 2 0 5 *}g«-r 5 CI fc t 
Lfc*^ (±IBIS@) . il0^i?{b^2 0 5»i->U3;/ 
Sffi2 0 1 0??t}Bfi!t-r-i.ci:i:LTt.J:l/^o tfc, c 
©^KftS 2 0 5 fCf^X C V D (Chem ica 1 Vapor De 



position) S'^ P V D (Phys ica 1 Vapor Deposition)^ 

[0 0 3 8] PSJi/';n>Sffi2 0 1 tLTfi, C Zffi 

ffMCZiS, cczii. DLCzsiFT'WfigCi'c'rydr 

•y h?r15ffltTfej:i/\ fit. S 0 I Stg©S 0 
fcSffi-r«.fcl6tC«. ii?gK^fiS*W 2X 1 0" cm 

[0 0 3 9] $P)»C, ^>:Pfig2 0 2(Cf^^T<&SBS(D 
[0 0 4 0] 

s 0 1 mwiis^zf^iD^misjA^mmt^ct 
m 1 ] *^wo-iisis}B«fc^a s 0 1 ssofitit* 

[132] (a) ~ (d) it(c, Snc^L^cSO IS 

[0 3] fi£5l5<DS 0 I Stg<Ofl|ji?:^-rBtffi0T-feS, 
[??F^<OI»R^] 

10 1. 20 1 PSS/U3>Sffi 

10 2. 2 0 2 ^i^Pfl^ 

10 3. 2 03 mmvithvam 

10 4 S i 02 M 

105 mm^Biyv=tym 

2 0 4 -> 'J 3 ySIS 

20 5 mmitm 

20 6 
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